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Alcohol use and gambling behavior frequently co-occur, though insight into the nature of the co-
occurrence of these behaviors is limited. Gamblers often present to treatment with co-occurring 
alcohol use disorders while less is known about the consumption of alcohol during gambling 
sessions. The association of these dimensions of alcohol use to the gambling behavior of 
disordered gamblers is unclear. Data were collected from clinical files of 254 gamblers 
presenting to an outpatient clinic which included a calendar assessment of gambling behavior 
and clinical measures. Empirical patterns of gambling and drinking were derived using latent 
variable mixture modeling using dimensions of gambling behavior and a measure of alcohol use 
disorders as indicators. The data supported one-, two-, three-, and four-class solutions. After 
inspecting fit statistics and estimates across derived classes, a four-class model was selected: 
Alcohol-Consuming gamblers, Low Wager gamblers, Loss of Control gamblers, and High Wager 
gamblers. Gambling patterns from the Alcohol-Consuming class were characterized by 
infrequent, long-lasting gambling sessions with moderate-to-large amounts of alcohol consumed 
while gambling. The Loss of Control class was characterized by relatively low intended amount 
of money risked, but high amounts of money actually risked. The Low Wager class reported low 
intended and risked amounts of money, while the High Wager class intended and risked 
relatively high amounts of money. The Loss of Control, Low Wager, and High Wager classes 
reported similar gambling frequencies and alcohol consumed in session. All classes had similar 
rates of alcohol problems. Future research directions involve identifying the role of alcohol in the 
different within-session gambling behaviors of treatment-seeking gamblers. Implications for the 
assessment of gambling and drinking behaviors in gambling treatment are discussed. 
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Patterns of Gambling and Drinking Behaviors among Treatment-Seeking Disordered 
Gamblers 
The co-occurrence of alcohol use and gambling is well-established, though the relation 
between these behaviors is not well understood. Among the populations of community and 
treatment-seeking gamblers, alcohol use disorders are common (Dowling et al., 2015; Lorains, 
Cowlishaw, & Thomas, 2011). Among treatment-seeking gamblers, alcohol use disorders are 
also associated with increased gambling severity (Jiménez-Murcia et al., 2009). There is also 
growing evidence that consuming alcohol while gambling negatively impacts gambling behavior 
independently from an alcohol use disorder (Welte, Barnes, Wieczorek, & Tidwell, 2004). 
Exploring these two dimensions of alcohol use in the context of gambling episodes can help us to 
better understand the complex relation between alcohol use and gambling behavior. The present 
study investigated latent classes of disordered gamblers based on retrospective reports of 
gambling behavior in the six months prior to entering treatment and two dimensions of alcohol 
use: alcohol consumption within gambling sessions and general harmful drinking behavior.  
Analysis of class differences among the observed classes across gambling-related clinical 
measures followed. 
Gambling is any behavior involving the risk of money or something of value on an 
outcome that is at least partially determined by chance (Whelan, Meyers, & Steenbergh, 2007). 
Gambling, as it exists today, is a widely available and socially accepted recreational activity, 
with 76.9% of adults reporting having gambled within the past year (Barnes, Welte, Tidwell, & 
Hoffman, 2015). Gambling behavior has been conceptualized as existing on a continuum, with 
associated problems occurring at any point (Korn & Shaffer, 1999). The current 
conceptualization of persistent and problematic gambling behavior is referred to as gambling 
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disorder (American Psychiatric Association, 2013). Estimates of the prevalence adults meeting 
criteria for gambling disorder range from 1.1% to 2.4% (Shaffer, Hall, &Vander Bilt, 1999; 
Welte, Barnes, Tidwell, Hoffman, and Wieczorek, 2014). Gambling problems can result in a 
wide range of negative effects, such as psychological, financial, emotional, marital, legal, or 
other difficulties for the individual and those around them (Petry, Stinson, & Grant, 2005). 
Impaired control, or the inability to stop gambling, is considered an important clinical feature of 
gambling and is associated with increased gambling problems (Goodie & Fortune, 2013). 
Alcohol use disorder (AUD) is a problematic pattern of alcohol consumption that leads to 
clinically significant impairment (APA, 2013). Criteria for this diagnostic conceptualization has 
been thought to neglect milder cases of problematic behavior, suggesting the importance of 
considering the range of harmful use (Saha, Stinson, & Grant, 2007). Approximately 8.4% of 
adults meet criteria for alcohol use disorder (Grant et al., 2004). Individuals with problematic 
alcohol use often report lower social functioning, lower emotional functioning, alcohol-related 
car crashes, and domestic violence (Hasin, Stinson, Ogburn, & Grant, 2007) with an important 
clinical feature of alcohol use disorder being impaired control over use (Leeman, Patock-
Peckham, & Potenza, 2012). Along with negative effects at the individual-level, problematic 
alcohol use also burdens health care and the economy (Rehm et al., 2009). 
The presence of an alcohol use disorder in the population of disordered gamblers is a 
common phenomenon. A recent meta-analysis of comorbid psychiatric disorders in treatment-
seeking gamblers reports prevalence estimates of 41.1% and 21.2% for lifetime and current 
alcohol use disorder diagnoses, respectively (Dowling et al., 2015). In this population of 
gamblers, alcohol use disorders are associated with increased gambling problem severity 
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(Jiménez-Murcia et al., 2009), as well as more years of gambling problems and more frequent 
gambling (Ladd & Petry, 2003) compared to those without alcohol use disorders. 
Another dimension of alcohol use that negatively affects gamblers is within session 
alcohol consumption. Gamblers who drink while they gamble report losing control (Baron & 
Dickerson, 1999) and have longer gambling episodes and place larger bets (Giacopassi, Stitt, & 
Vandiver, 1998). Among these gamblers, in-session behaviors may worsen as the amount of 
alcohol consumed increases. Higher within-session alcohol consumption is associated with 
longer gambling episodes (Markham, Young, & Doran, 2012) as well as an increase in 
gambling-related problems (Blankenship, Starling, Woodall, & May, 2007). 
The deleterious impact of alcohol on gambling has also been demonstrated in laboratory 
settings. Studies involving the administration of alcohol to participants demonstrate consistently 
that moderate doses of alcohol (0.049 – 0.095% BAC) produce impulsive, persistent gambling 
behavior (George, Rogers, & Duka, 2005; Lane, Cherek, Pietras, & Tcheremissine, 2004; 
Phillips & Ogeil, 2010). Alcohol appears to produce disinhibiting effects that include devaluing 
potential losses, overvaluing of wins, and compromised risk evaluation leading to risky betting 
(Cronce & Corbin, 2010; Kyngdon & Dickerson, 1999). These disinhibiting effects are 
moderated by gambling severity (i.e., DSM symptoms/SOGS symptoms). Disordered gamblers 
administered a moderate dose of alcohol have demonstrated a riskier betting pattern and spent 
more time gambling than non-disordered gamblers (Ellery & Stewart, 2014; Ellery, Stewart, & 
Loba, 2005). 
As a dimension of alcohol use, alcohol consumption while gambling may impact 
gambling behavior independent of an alcohol use disorder. Scores on the Alcohol Use Disorders 
Identification Test (AUDIT) have been found to be unrelated to in-session loss of control during 
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a gambling session (Baron & Dickerson, 1999), and gamblers	who endorse drinking while 
gambling are more likely to be disordered gamblers, regardless of their overall alcohol 
consumption (Welte et al., 2004). Simply identifying the presence of an alcohol use disorder in 
gamblers may be missing an important risk factor for problematic gambling behaviors and 
disordered gambling.  
The impact of within session alcohol consumption on gambling is incomplete for 
treatment-seeking gamblers in three ways. First,	studies specifically investigating episodes of 
drinking and gambling tend to be confined to observations of a single recent session (e.g., Baron 
& Dickerson, 1999; Markham et al., 2012); there is a need to investigate larger behavioral 
samples of these episodes more characteristic of disordered gambling. Second, laboratory studies 
of alcohol administration investigate a pattern of drinking that may not translate to real-world 
gambling episodes, as gamblers may initiate gambling episodes without having consumed 
alcohol, and consume alcohol at their discretion throughout the gambling period. Third, there is a 
lack of clinical samples in the literature investigating the impact of drinking while gambling 
(e.g., Ellery & Stewart, 2014; Ellery et al., 2005).  
Behavioral assessment of gambling and drinking patterns can resolve the shortcomings of 
our understanding of drinking while gambling. Because alcohol has been shown to influence 
dimensions of gambling episodes including time spent gambling (Ellery et al., 2005) and amount 
of money risked (Kyngdon & Dickerson, 1999), capturing multiple dimensions of gambling 
behavior is crucial.  An assessment tool with demonstrated reliability and validity that achieves 
these ends is the Gambling Timeline Followback (G-TLFB; Weinstock, Whelan, & Meyers, 
2004), a calendar assessment adapted use with gamblers. Calendar assessments have a long 
history of use in clinical research of as a standard of retrospective reports of addictive behaviors 
	
5 
(Sobell & Sobell, 2008). The G-TLFB identifies seven dimensions of gambling that provide 
context to gambling behavior and adequately represent the heterogeneity of the construct: type 
(e.g., slot-machine, lottery, card games, etc.), frequency, time spent gambling, intended amount 
of money to wager, actual risked amount of money risked, amount of money won/lost, and 
number of drinks consumed.  
Gamblers may present to treatment with one or both dimensions of alcohol use (i.e., 
alcohol use disorder and consuming alcohol while gambling), making alcohol’s impact on the 
gambling behavior of treatment-seeking gamblers difficult to ascertain. Moderate alcohol use 
while gambling does not necessarily meet criteria for hazardous drinking, while gamblers with 
an alcohol use disorder may actively avoid drinking while gambling. Further, there is limited 
evidence that alcohol use negatively impacts gambling treatment outcome (e.g., Petry, 
Weinstock, Ledgerwood, & Morasco, 2008; Stinchfield, Kushner, & Winters, 2005), though 
alcohol use is associated with dropping out of treatment (Milton, Crino, Hunt, & Prosser, 2002) 
and decreased treatment compliance (Rash, Weinstock, & Petry, 2011), as well as increased 
gambling severity (Jiménez-Murcia et al., 2009). There may be heterogeneity among treatment-
seeking gamblers that contributes to the seeming equivocalness of alcohol’s impact, with 
unobserved groupings of gamblers with disparate levels of alcohol consumption, gambling 
behavior, and indicators of gambling pathology. 
The aims of this study were to first empirically derive latent classes of treatment-seeking 
gamblers based on a behavioral assessment of gambling and drinking behavior (G-TLFB) and a 
measure of alcohol problems (AUDIT) using latent variable mixture modeling. Second, means 
among the derived classes on measures of gambling problems, symptomatology, gambling-
related cognitive distortions, and gambling-related self-efficacy were compared. Dimensions of 
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alcohol use have been identified in the literature as indicators of increased gambling severity but 
specific patterns of occurrence have not been established, and thus, the present investigation is 
exploratory in nature. 
Method 
Participants 
Participants were 254 individuals seeking outpatient services for gambling-related 
problems at a community clinic. Data were collected from an archival database of clinical files. 
The present study did not evaluate the efficacy of the treatment provide to the clients seeking 
services but is rather focused on assessment tools completed before initiation of treatment. The 
average age of the sample was 45.28 (SD = 11.26). Most participants were male (51.5%) and 
most the sample self-identified as Caucasian (64.3%) or African American (31.7%). Education 
level of the sample was at least some college (70.2%). Detailed demographics can be found in 
Table 1.  
Table 1  
Demographic characteristics of the sample 
Variable N % M SD Range 
Age (years) - - 45.28 11.26 18-60 
Sex      
Male 131 51.5% - - - 
Ethnicity      
Caucasian 163 64.3% - - - 
African American 81 31.7% - - - 
Hispanic 7 2.6% - - - 
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Table 1 (Continued)  
Variable N % M SD Range 
Other 3 1.3% - - - 
Marital Status      
Single 43 16.7% - - - 
Married 125 49.3% - - - 
Previously married 77 30.4% - - - 
Other 9 3.5% - - - 
Education      
High School/ 
equivalent 
41 16.4% - - - 
Some college 135 52.3% - - - 
College degree 53 20.8 - - - 
Graduate degree 26 10.2 - - - 
Other 1 0.4%    
 
Materials 
Demographic Questionnaire. This questionnaire assessed gender, age, ethnicity, 
education, marital status, and monthly income. 
Gambling Timeline Followback (G-TLFB). The G-TLFB (Weinstock et al., 2004) is an 
individually administered calendar on which participants retrospectively report their gambling 
behavior for the past six months. Information collected on the calendar includes gambling 
frequency and duration, type of game played, the actual and intended dollars wagered, win–loss, 
and number of standard alcoholic drinks consumed while gambling. The present study excluded 
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the type of game played and win-loss totals in analyses. The clinician provides a review of the 
written instructions, encouraging the use of recall strategies such as recording key dates (e.g., 
birthdays, anniversaries, paydays). The use of appointment books or bank statements as memory 
aids, if the clients had them, was encouraged. The calendar also listed U.S. holidays. 
The TLFB method as a behavioral assessment has demonstrated sound psychometric 
properties when adapted to gambling behavior (Hodgins & Makarchuk, 2003; Weinstock et al., 
2004). Participants in the original validation study (Weinstock et al., 2004) self-monitored their 
gambling behavior in daily written reports for one month, which were then compared to their G-
TLFB which was completed in an appointment at the end of the one-month period. All 
dimensions across the self-monitoring form and the 1-month G-TLFB were positively correlated 
(r’s = 0.58 – .87), with participants achieving a 72.5% agreement across the forms. This tool 
demonstrated adequate test-retest reliability (r’s = .75 – .96) and correlated positively with scores 
on the South Oaks Gambling Screen (r’s = .30 – .32) (Weinstock et al., 2004). 
In the present study, totals for 3 dimensions (duration, amount intended, amount risked, 
drinks consumed while gambling) were calculated across the 6-month period covered by the G-
TLFB and divided by number of gambling sessions to create average scores. These averages 
served as the values for indicator variables in the main analyses. The dimensions of gambling 
type and win-loss were excluded from analyses for reasons explained in the Data Analysis Plan 
section. 
Alcohol Use Disorders Identification Test (AUDIT). This self-report measure assessed 
harmful alcohol use in the past year (Saunders, Aasland, Amundsen, & Grant, 1993). Possible 
scores range from 0 – 40, with a score of 8 or more indicating an alcohol use disorder. The 
AUDIT has demonstrated adequate reliability across clinical and community samples 
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(Cronbach’s alpha range = .77 - .94) (Allen, Litten, Fertig, & Babor, 1997), with a recent 
investigation of finding good internal consistency among a large general population sample (α = 
0.80) (Lundin, Hallgren, Balliu, & Forsell, 2015). Validity studies revealed that the AUDIT has 
high sensitivity and high specificity (Maisto, Carey, Carey, Gordon, & Gleason, 2000).  
South Oaks Gambling Screen (SOGS). This 20-item self-report screening measure is 
based on the DSM-III criteria (American Psychiatric Association, 1980) and was designed to 
identify probable disordered gambling. SOGS items are concerned with gambling problems in 
the past year. Scores range from 0 to 20 with a score of 5 or greater indicating probable 
disordered gambling (Lesieur & Blume, 1987). In treatment-seeking samples, the measure 
demonstrated adequate internal consistency (α = .86; Stinchfield, 2002), convergence with the 
DSM-IV criteria (r = .83; Stinchfield, 2002), and good test–retest reliability (r = .71; Lesieur & 
Blume, 1987). 
DSM Questionnaire (DSM Q). This 12-item measure was designed to assess for past 
year DSM-IV disordered gambling criteria (American Psychiatric Association, 2000). A score of 
5 or greater indicated disordered gambling pathology. The measure has shown adequate internal 
consistency with substance abusers (α = 0.91; Shaffer, Freed, & Healea, 2002). At intake 
participants reported past year gambling symptomology. 
Gamblers’ Belief Questionnaire (GBQ). The GBQ was developed as a 21-item self-
report instrument used to assess gambling-related cognitive distortions (Steenbergh, Meyers, 
May, & Whelan, 2002). Each item on the GBQ consists of a statement that represents a gambling 
specific cognitive distortion (e.g., “when I am gambling, ‘near misses’ or times when I almost 
win remind me that if I keep playing I will win”). Respondents rate their level of agreement on a 
7-point scale from strongly agree to strongly disagree. Higher total scores indicated greater 
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cognitive distortions, with possible scores ranging from 0 – 126. In a sample of disordered 
gamblers, the GBQ demonstrated good internal consistency (α = .87) and was found to correlate 
with	SOGS scores (r = .21, p < .01) and DSM-IV scores (r = .19, p <.01) (Winfree, Ginley, 
Whelan, & Meyers, 2015). 
Gambling Self-Efficacy Questionnaire (GSEQ). The GSEQ (May, Whelan, 
Steenbergh, & Meyers, 2003) is a 16-item self-report questionnaire used to assess an individual’s 
self-efficacy to control gambling behavior in various high-risk situations. Each GSEQ item is 
preceded by the statement: “I would be able to control my gambling . . .” Respondents are 
instructed to imagine the situations presented and then rate their perceived confidence in their 
ability to control their gambling in those particular situations. The 6-point scale ranges from 0% 
(Not at All Confident) to 100% (Very Confident) in increments of 20%. The GSEQ score is the 
mean response to all items, or average percent confidence, and thus possible scores ranged from 
0 – 100%. This tool has demonstrated high internal consistency (α = .87) and was found to 
correlate with the DSM–IV-Q (r = -0.26, p <.01), and the GSEQ and the SOGS (r = -0.25, p 
<.01) in a sample of disordered gamblers (Winfree, Ginley, Whelan, & Meyers, 2014). 
Procedure 
Data were collected at an outpatient gambling treatment center from self-referred clients 
seeking treatment. When clients arrived for their intake session, they completed a consent-to-
treatment form that also informed them that their clinical charts may be used for research. In 
addition, they completed a battery of paper-and-pencil measures before meeting the therapist. 




Therapists compiled client data from the intake battery as well as an in-person clinical 
interview to develop a detailed gambling history and assessment of relevant psychosocial 
domains. The G-TLFB was explained in session by the therapist, who provided instructions and 
an example to the client. Then, the clinician aided the client in recording the most recent 
gambling episode. Clients were then instructed to complete the G-TLFB outside of the first 
session and before the next meeting. While in session, the therapist handled questions from the 
client about completing the G-TLFB and/or dealt with any ambivalence to complete the G-
TLFB. In some cases, the G-TLFB was filled out in-session with the full assistance of the 
clinician. No aspect of the treatment provided to the clients is evaluated in the present study. 
Data Analysis Plan 
Missing Data. Rate of missing data was low (2.2%), and missingness was determined to 
be completely at random (Little's MCAR test: χ2 = 36291.06, df = 103167, p = 1.00). Full-
information maximum likelihood (FIML) was implemented to deal with missing data (Little, 
Jorgensen, Lang, & Moore, 2013). Compared to other techniques of missing data management, 
such as multiple imputation (MI), FIML makes use of all available data points to produce 
casewise log-likelihoods of missing data and estimate the topography of a model on a global 
level. For mixture modeling procedures, FIML is an appropriate technique for handling missing 
data, because MI precludes model comparisons (Berlin, Williams, & Parra, 2013).  
Latent Variable Mixture Modeling. Data analysis was conducted with MPlus Version 
7.4. Latent variable mixture modeling (LVMM) is a person-centered analytic technique that 
identifies homogenous, unobserved classes of individuals within data (Berlin et al., 2013). 
Recommendations for LVMM allow for an exploratory orientation towards model specification 
that does not estimate a number of latent classes to be found in the data, but considers the best 
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estimators for indicator variables as well as their intercorrelations. Individuals are assigned 
probabilities of belonging in each estimated latent class, and are thus considered to fractionally 
belong to all groups. In the present study, the 6 indicator variables used to derive latent classes 
were AUDIT scores and the dimensions of gambling featured in the G-TLFB: frequency, 
duration, intent, risk, and number of standard alcoholic drinks consumed while gambling. The 
sample’s reported drinking and gambling behavior via the G-TLFB can be found in Table 2. The 
dimensions of type of gambling and win-loss were excluded from analysis. Of the seven types of 
gambling reported by participants (slots, cards, online, sports, lottery, dice, and other), a 
substantial number of participants participated in multiple forms of gambling, complicating the 
exclusivity recommended for categorical indicator variables (Berlin et al., 2013). The win-loss 
dimension was excluded due to its large variance. Additionally, while reported total win-loss of 
gambling funds over 6 months in the original validation had good test-retest reliability (r = .89), 
it had the lowest validity coefficient (r = .58) as measured by correlation with a concurrent self-
monitoring method among all G-TLFB dimensions (Weinstock et al., 2004). 
Table 2 
Six-Month Totals for Gambling and Drinking Behavior (G-TLFB) in the Six Months Prior to 
Gambling Treatment 
Variable M SD Range 
Total time spent gambling (hours) 115.58 148.75 0.25 – 1126 
Total intended amount risked (USD) 6721.80 14621.90 0 – 155300 
Total actual amount risked (USD) 13766.74 23075.13 5 –  202000 
Total number of drinks consumed while gambling 21.29 69.02 0 – 696 
Number of gambling episodes 25.78 26.38 1 – 173 
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Table 2 (Continued)  
Variable M SD Range 
Proportion of gambling episodes with alcohol 
consumption 
.195 .40 .00 – 1.00 
 
Per session averages of each behavior were calculated for the G-TLFB dimensions of 
duration, intent, risk, win-loss, and number of standard alcohol drinks consumed while gambling 
by totaling each respective behavior over the 6-month pre-treatment period and dividing by each 
participant’s number of days gambled. Of the 6 indicator variables used in the analysis, only 
duration met the assumption of normality. Log transformations were performed on the remaining 
indicator variables of AUDIT scores, frequency, intent, risk, and number of standard alcoholic 
drinks consumed while gambling due to their skewness (Tabachnick & Fidell, 2001).  
Next, the derived model was selected and interpreted, a process that included evaluating 
the models generated by the statistical software. This evaluation process started with comparing 
fit indices, namely the log likelihoods, Bayesian Information Criteria (BIC; Schwartz, 1978), and 
Akaike Information Criteria (AIC; Akaike, 1987). Lower values on these fit statistics indicate 
better model fit (Berlin et al., 2013). Classification accuracy of the model followed, with a 
measure of entropy used to make this assessment. Entropy scores can range from 0 to 1, with 
higher scores indicating better classification accuracy (Ramaswamy, DeSarbo, Reibstein, 
Robinson, 1993). The final step of model selection involved examination of the Lo-Mendell-
Rubin likelihood ratio test (LRT; Lo, Mendell, & Rubin, 2001). This test yields significance 
values (p-values) for the different models. Models with p > 0.05 indicate better fitting models 
with a smaller number of latent groups.  
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Manual BCH Method. Differences among the latent classes in gambling-specific 
clinical measures (SOGS, DSM-IV-Q, GBQ, and GSEQ) was carried out with a manual BCH 
method (Asparouhov & Muthén, 2014). The BCH method evaluates measurement error weighted 
intercepts/means across classes. BCH weighted class intercepts were compared using the scaled 
log likelihood difference test (Muthén & Muthén, 2012). All estimates (intercepts, regression 
coefficients, variances, etc.) were allowed to vary across classes. This approach is recommended 
for LVMM with continuous distal outcomes (Bakk & Vermunt, 2015). 
Results  
The sample was composed of severe treatment-seeking gamblers. Eighty-six percent of 
participants met criteria for DSM-IV disordered gambling (≥ 5 DSM-IV-Q), with nearly 15% of 
the sample meeting criteria for an alcohol use disorder (≥ 8 AUDIT). Detailed descriptive 
statistics for gambling variables and the AUDIT can be found in Table 3. The sample gambled 
an average of 25.8 times (SD = 26.38) in the six months prior to initiating gambling treatment, 
spending an average of 115.6 hours (SD = 148.75) gambling, and averaging 4.93 (SD = 3.93) 
hours gambling per episode. Overall, individuals in the sample risked considerably more money 
(M = $13,766.74, SD = $23,075.13) than intended ($6721.80, SD = $14621.90). Per episode, 
these gamblers risked $348.79 (SD = $1052.86) while intending to risk $777.14 (SD = $1641.25) 
on average. Over the 6-month pre-treatment period, the sample consumed an average of 21.3 
drinks while gambling (SD = 69.02), averaging 0.98 drinks consumed (SD = 2.30) per gambling 
episode. Gamblers consumed alcohol during 19.5% of gambling episodes. More detailed 






Clinical Characteristics of the Sample 
Variable M SD Range 
DSM – IV – Q  6.72 1.89 0-10 
SOGS 12.02 3.61 1-19 
GBQ 66.56 21.85 1-127 
GSEQ 41.77 24.13 0-100 
AUDIT 3.82 5.11 0-26 
Note. DSM-IV-Q = DSM-IV-Questionnaire; SOGS = South Oaks Gambling Screen; GBQ = Gambler’s Belief 
Questionnaire; GSEQ = Gambling Self-Efficacy Questionnaire; AUDIT = Alcohol Use Disorder Identification Test. 
Table 4 
Per Session Averages of Gambling and Drinking Behavior (G-TLFB) in the Six Months Prior to 
Gambling Treatment 
Variable M SD Range 
Time spent gambling per session (hours) 4.93 3.93 0 – 24.31 
Intended amount risked per session (USD) 384.79 1052.86 1 – 15000 
Actual amount risked (USD) 777.14 1641.25 1 –  15000 
Number of drinks per session 0.98 2.30 0 – 16.67 
 
Participants were empirically assigned to classes based on patterns of gambling and 
drinking behavior. The patterns of fit statistics (see Table 5) suggested that models with up to 4 
classes were viable, while a 5-class solution was not supported. Examination of the fit statistics 
and inspection of the class characteristics indicated that the 4-class model (Figure 1) was the best 




entropy for the 3-class model was higher than the 4-class model (0.824 vs. 0.789) but the Lo-Mendell-Rubin Adjusted 
Likelihood Ratio Test (LMRT) for the 4-class solution was significant, suggesting the 4-class model was a better fit to the data. The 3-
class solution was considered because the 4-class solution included one class size below 25 (Alcohol-Consuming class; n = 23), but 
was ultimately rejected in favor of the 4-class solution. Antilogarithmic values were calculated for the class means for each class to 
assist with model interpretation and selection (Table 6). 
Table 5 
Goodness- of Fit Statistics for 1, 2, 3, and 4 Classes: Information Criteria, Entropy, Likelihood Ratio Tests for LVMMs of Treatment-









1  -1567.378 3158.755 3201.203 NA 12 NA NA 
2 -1429.703 2909.405 2997.839 0.722 25 275.350 <0.001 
3 -1359.813 2795.627 2930.045 0.824 38 139.779 <0.001 
4 -1314.129 2730.259 2910.663 0.789 51 91.368 <0.001 





Figure 1. Four-class models of gambling and drinking patterns z-scores. 
 
 
Figure 1 displays the 4-class solution with each classes’ respective z-scores for each 
mean value of the indicator variables in the model. The classes yielded were differentiated based 
Table 6 




(n = 23) 
 
Low Wager  
(n = 42) 
 
Loss of Control 
(n = 116) 
 
High Wager  



























































on relative amounts of gambling funds intended and risked, gambling frequency, time spent 
gambling, and alcohol consumed during gambling sessions. Three of the classes involved a 
minimal amount of alcohol consumed during gambling sessions, with an increasing grade of time 
spent gambling per session. These classes were best differentiated by patterns of amounts of 
money intended and actually risked. The Low Wager class (n = 42, 16%) risked a relatively small 
amount of funds, while the High Wager (n = 73, 29%) class risked a relatively large amount of 
funds. The largest class, Loss of Control (n = 116, 46%), had a pattern of intending to gamble 
more similarly to the Low Wager class, while actually risking funds similarly to the High Wager 
class. Gambling frequency and drinks consuming while gambling converged for these classes. 
The smallest class (n = 23, 9%) represented a pattern of high alcohol consumption during 
gambling sessions with comparable intended gambling funds to the High Wager class. This class 
was characterized by long periods of time spent gambling with a low frequency of sessions. The 
gambling funds risked relative to the amount intended was extremely high for this class. AUDIT 
scores for all classes converged.  
Significant differences were found between the empirically-derived classes and 
gambling-related clinical measures. Compared to the Alcohol-Consuming class, the Loss of 
Control class endorsed more gambling problems and more symptoms of disordered gambling, as 
evidenced by higher SOGS scores	(est. = 12.58 vs. est. = 10.44; p = 0.026; d = 0.28) and DSM-
IV scores (est. = 6.90 vs. est. = 5.68; p = 0.044; d = 0.25). The High Wager class has higher 
DSM-IV scores than the Alcohol-Consuming class (est. = 7.21 vs. est. = 5.68; p = 0.019; d = 
0.30) and the Low Wager class (est. = 7.21 vs. est. = 6.14; p = 0.011; d = 0.33), and endorsed 
more gambling-related cognitive distortions, as evidenced by higher GBQ scores than the Loss of 
Control class (est. = 72.32 vs. est. = 63.71; p = 0.043; d = 0.26). The Alcohol-Consuming class 
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endorsed more self-efficacy to control their gambling than the Low Wager class, as evidenced by 
higher GSEQ scores (est. = 49.58 vs. est. = 35.66; p = 0.036; d = 0.27) (See Table 7 for all 
significant inter-class comparisons). 
Table 7 
Estimates, Standard Errors, and Comparisons Across Gambling-Specific Clinical Measures for 

















SOGS 10.44 (0.874)a 11.40 
(0.574)ab 
12.58 (0.405)b 12.11 
(0.516)ab 
DSM-IV-Q 5.68 (0.574)a 6.14 
(0.335)ab 
6.90 (0.193)bc 7.21 (0.245)c 






GBQ 63.38 (4.120)ab 66.61 
(4.290)ab 
63.71 (2.481)a 72.32 (3.047)b 
Note. Values with common superscripts are not significantly different from each other, while values with unshared 
superscripts are significantly different from one another. For example, the only significant difference between 
classes on SOGS scores was between the Alcohol-consuming and Loss of Control class. 
Discussion 
In a sample of treatment-seeking gamblers, empirical classes derived from reported 
gambling and drinking behaviors within the six months prior to entering treatment indicated four 
distinct behavioral classes, demonstrating heterogeneity within the population of clinical 
gamblers. Three classes (Low Wager, Loss of Control, and High Wager) demonstrated 
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convergence on several indicators, namely frequency of gambling sessions, how much alcohol 
was consumed in session, and problems experienced as a result of alcohol consumption. These 
three class were differentiated by gambling session length, intended funds, and funds actually 
risked. The differences among these three classes resembled growing degrees of severity, with 
the Low Wager group spending the least amount of time gambling, with the lowest intended 
funds and actual expenditures. The High Wager class gambled the longest of these three classes, 
as well as intending and actually risking the most money, while the Loss of Control class’ time 
spent gambling, and intended and actual risked amounts of money was between the Low Wager 
and High Wager classes, but with a rather dramatic elevation in risked funds compared to 
intended. The smallest class, the Alcohol-Consuming class, engaged in a much different pattern 
of behaviors than the other classes. These gamblers gambled infrequently, but for long periods of 
time, both intending to risk the largest amounts of money and actually wagering the highest 
amounts among the four classes. This class was perhaps most distinguishable by the high relative 
amount of alcohol consumed in session.  
Within the four profiles, two patterns of alcohol consumption were observed: 1) 
consuming moderate-to-large amounts of alcohol while gambling and low average levels of 
alcohol problems; and 2) little-to-no alcohol consumption while gambling and low average levels 
of alcohol problems. Scores on the AUDIT, a measure hazardous drinking characteristic of 
alcohol use disorder, did not differentiate among the four latent classes observed. Variation in the 
gambling behavior of disordered gamblers appears more closely related to patterns of concurrent 
alcohol consumption than to general alcohol problems, in that low levels of alcohol consumption 
while gambling were associated with low and high intended amounts of money and wagers, 
while moderate to high alcohol consumption was associated with only one pattern of gambling. 
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Though alcohol consumed in session clearly differentiated classes, the role alcohol plays in the 
behavior of this class is unclear from the data. 
Interestingly, the behavioral indices of gambling represented in the latent classes did not 
consistently correspond to gambling-related clinical measures in the present study. Though the 
Alcohol-Consuming class risked the highest amount of money in-session, this class reported 
lower gambling problems as measured by the SOGS and lower gambling pathology as measured 
by the DSM-Q than the Loss of Control class. Gambling-related irrational beliefs and gambling-
related self-efficacy only differed among the High Wager class and Loss of Control class, and the 
Alcohol-Consuming and Low Wager class, respectively. The fact that the sample comprised 
treatment-seeking gamblers who endorsed high levels of gambling symptomatology and 
gambling-related problems may have obfuscated the differences between these groups on clinical 
measures. However, it’s clear that these severe gamblers report similar levels of negative health 
behaviors while demonstrating different patterns of in-session gambling and drinking behavior. 
These behavioral markers of behavior may serve as better indicators of variation within the 
population of clinical gamblers than clinical measures themselves.  
These findings aligned with previous research that has revealed simultaneous alcohol 
consumption negatively affecting gambling behavior. When given moderate doses of alcohol, 
gamblers’ ability to evaluate risk is compromised, leading to a propensity to make high stakes 
wagers (Phillips & Ogeil, 2010) and disregard advice designed to minimize monetary loss 
(Phillips & Ogeil, 2007), a pattern of behavior evidenced by the Alcohol-Consuming class. The 
lengthy gambling sessions with large amounts of risked funds characteristic of this class also 
converges with experimental studies showing gamblers under the influence of alcohol 
persistently bet in the face of mounting losses (Cronce & Corbin, 2010; Kyngdon & Dickerson, 
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1999), and the finding that disordered gamblers who consume alcohol gamble for longer periods 
of time compared to non-disordered gamblers (Ellery et al., 2005). The convergence of AUDIT 
scores among all four classes is another finding supported by studies that show overall alcohol 
consumption when not gambling is not related to the occurrence of drinking while gambling 
(Welte et al., 2004), and AUDIT scores having not been found to be associated with loss of 
control within gambling sessions (Baron & Dickerson, 1999).  
Along with other studies in the literature, this study adds to our growing knowledge of 
the impact of alcohol on gambling behavior outside of the experimental laboratory. Lengthened 
gambling episodes among drinkers has been found among gamblers who reported consuming 
five or more drinks during a recent gambling session and who gambled longer than those who 
consumed 1 – 4 drinks (Markham et al., 2012). Another study asking participants to reflect on a 
recent gambling episode found total alcohol consumption during the gambling session was 
correlated with in-session loss of control and total gambling expenditure (Baron & Dickerson, 
1999). These findings suggest an important alternative explanation to the present study with 
regards to time spent gambling, in that it’s possible that gamblers consume alcohol and wager 
their funds as a function of time spent gambling.   
Results from the present study raise questions about the interaction of alcohol and 
gambling among treatment-seeking gamblers. A deeper look into the original validation study of 
the G-TLFB (Weinstock et al., 2004) shows that sub-clinical college student gamblers are 
distinguished from the treatment-seeking disordered gamblers in the present study on within-
session gambling behavior, but not necessarily gambling frequency and drinking behavior while 
gambling. Over the 6-month self-report of the G-TLFB, the college students in the original study 
reported a similar frequency of gambling (M = 18.2 vs. M = 25.8) disordered gamblers in the 
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present study.  However, these college students actually reported more alcohol consumption than 
the disordered gamblers (M = 41.0 drinks vs. M = 21.3 drinks), while spending less time 
gambling (M = 38.3 hours vs. M = 115.6 hours), intending to gamble less overall (M = $779.00 
vs. M = $6721.80), and risking less overall (M = $849.86 vs. M = $13766.74). Similar to findings 
from laboratory studies (Ellery & Stewart, 2014; Ellery et al., 2005), disordered gambling status 
appears to be a strong moderator of the alcohol/gambling interaction. 
On the surface, gambling funds intended and gambling funds actually risked may not 
appear be accurate indicators of gambling severity, and would rather be a function of income 
level. However, in the original validation study, income level of participants was not related to 
either intended gambling funds (r = .01) nor gambling funds actually risked (r = -.02) 
(Weinstock et al., 2004). Further, in a large, Canadian community sample, household and 
personal incomes were not related to gambling severity (El-Guebaly et al., 2006).  
Findings from the present study highlight future research questions that can be 
empirically addressed. Given that drinking while gambling may be infrequent even for those 
whose gambling behavior while drinking is quite severe (19.5% of gambling sessions in the 
present study), future research questions should focus on possible differences in gambling 
behavior between gambling in which alcohol is consumed and when it is not. Doing so would 
assist in identifying alcohol as the driving force behind risky gambling characteristic of the 
Alcohol-Consuming class, rather than an indicator of a type of gambler. Knowing the rate at which 
alcohol is consumed during gambling sessions is also an important direction for future research,	given the 
differing pharmacological effects of alcohol in the ascending and descending curve of absorption 
(Pihl, Paylan, Gentes-Hawn, & Hoaken, 2003).   
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The findings of the present study hold important implications for the assessment and 
treatment of disordered gambling. Scores obtained from empirically validated clinical tools have 
utility in the identification of disordered gamblers, but given the present study’s results, do not 
appear to be related to the in-session gambling behavior of gamblers in the treatment-seeking 
population. This finding is particularly salient for the AUDIT, a screening tool for alcohol 
problems, given that scores on this tool converged for all latent classes, regardless of in-session 
gambling behaviors. Collecting multidimensional behavioral data from clients is important, as 
simply reviewing scores from screening instruments may fail to identify gamblers with 
deleterious within-session alcohol consumption and subsequently increased risky gambling 
behavior. 
When identified in treatment, simultaneous alcohol consumption and gambling should be 
of importance to the clinician. Given the amount of drinks consumed per session in the Alcohol-
Consuming	class, it is possible that treatment-seeking gamblers who endorse drinking while 
gambling may not moderate their alcohol consumption. The amount of alcohol consumed within 
sessions met criteria for binge drinking (5 standard drinks for men, 4 for women; National 
Institute of Alcohol Abuse and Alcoholism, 2004), and binge drinking episodes which have been 
shown to lead to prolonged gambling sessions (Naimi, Brewer, Mokdad, Denny, Serdula, & 
Marks, 2003). Experimental evidence confirms a “dose effect” for alcohol consumption, wherein 
risky behaviors increase as a function of amount of alcohol consumed (George et al., 2005; Lane 
et al., 2004). 
 In a recent review of predictors of gambling treatment outcome, low levels of alcohol use 
were associated with positive gambling treatment outcomes, though no study included in the 
review reported on the status of consumption of alcohol while gambling (Merkouris, Thomas, 
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Browning, & Dowling, 2016). Studies have found that pre-treatment drinking and concurrent 
drinking during treatment negatively affect compliance (Rash et al., 2011) and increase dropout 
(Milton et al., 2002), though again, reports of alcohol consumption while gambling were not 
included. The presence of simultaneous drinking and gambling episodes appears to be lacking in 
the literature; exploring the possibility of this characteristic as a predictor of treatment dropout 
and/or noncompliance of treatment-seeking gamblers is warranted.  
The present study is the first in the literature to focus on person-centered analyses of 
within-session gambling behaviors. The large sample size and diversity of the participants add to 
the strengths of this study. Another strength was that data from the G-TLFB involved a 
substantial, 6-month sample of gambling and drinking behavior, as opposed to using uni-
dimensional assessment tools to derive classes (e.g., Suomi, Dowling, & Jackson, 2014).  
There are several limitations to be considered with the present study. Individuals’ 
consumption of alcohol while gambling was not tracked over the course of the gambling session 
but reported as a sum. Reported drink totals may have referred to alcohol consumption that 
occurred directly before, during, or directly after the gambling episode. Additionally, 
individuals’ pace of alcohol consumption was not reported. It’s possible that a shorter gambling 
episode representative of a gambling session of a Low Wager gambler may be similar in terms of 
gambling behaviors to a longer episode representative of an Alcohol-Consuming gambler. In 
terms of the latent variable mixture model used here, there are no specific guidelines as to the 
acceptability of class size. Though the selected class solution’s smallest latent class was less than 
25 individuals, a possible problem identified by researchers (Berlin et al., 2013), the fit indices of 
the solution indicated that this feature of the data could be overlooked. 
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The study highlights the clinical utility of behavioral assessment in the population of 
disordered gamblers and the frontier of exploring behavioral comorbidities. Global relation 
among problematic health behaviors, specifically alcohol use and gambling, are well established 
(Dowling et al., 2015; Lorains et al., 2011). The present investigation revealed possible local-
level interactions that traditional assessment tools may be unequipped to identify. Person-
centered analyses, especially those utilizing multiple dimensions of behaviors, allow for 
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